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Abstract 

This  report  describes  the  demonstration  of  a  rapid,  whole-building  energy 
performance  assessment  method  to  efficiently  identity  buildings  for  ener¬ 
gy-conservation  retrofits.  The  patent-pending  process,  called  First  View, 
can  generate  an  energy  signature  or  model  that  represents  a  sample  build¬ 
ing’s  energy  performance.  The  only  input  data  required  are  building  type, 
square  footage,  monthly  average  temperatures,  and  gas  and  electric  con¬ 
sumption  for  12  consecutive  months.  Seven  office  buildings  were  assessed 
at  Picatinny  Arsenal,  NJ.  The  analysis  was  performed  manually  using  Mi¬ 
crosoft  Excel  spreadsheet  functions  to  produce  summary  output,  reference 
charts,  graphs,  and  tables.  The  First  View  model  performed  well  across  the 
sample  building  population.  The  energy  signatures  and  associated  output 
aligned  well  with  field  observations  and  local  knowledge  of  the  buildings 
under  study. 

This  effort  also  included  a  more  general  effort  to  the  study  of  total  life- 
cycle  cost  analysis  of  facility  condition  in  relation  to  energy  performance. 
In  this  connection  the  authors  provide  a  design  for  a  comprehensive  in¬ 
formation  dashboard  report  to  provide  information  that  could  be  used  to 
expediently  identify  facilities  that  are  good  candidates  for  in-depth  energy 
analysis. 


DISCLAIMER:  The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication,  or  promotional  purposes. 
Citation  of  trade  names  does  not  constitute  an  official  endorsement  or  approval  of  the  use  of  such  commercial  products. 
All  product  names  and  trademarks  cited  are  the  property  of  their  respective  owners.  The  findings  of  this  report  are  not  to 
be  construed  as  an  official  Department  of  the  Army  position  unless  so  designated  by  other  authorized  documents. 

DESTROY  THIS  REPORT  WHEN  NO  LONGER  NEEDED.  DO  NOT  RETURN  IT  TO  THE  ORIGINATOR. 


ERDC  TR-12-14 


iii 


Executive  Summary 

In  Fiscal  Year  2009,  US  Army  energy  consumption  represented  17%  of  to¬ 
tal  Federal  government  energy  usage.  In  an  effort  to  respond  to  Federal 
policies  mandating  greater  energy  efficiency,  Army  facility  managers  have 
increasingly  used  energy  audits  as  a  tool  to  meet  installation  energy-  and 
water-conservation  goals.  These  audits  are  used  to  develop  energy  conser¬ 
vation  measures  that  are  submitted  for  consideration  in  Energy  Savings 
Performance  Contracts.  Valuable  data  are  being  generated  by  installation- 
level  energy  audits,  but  it  tends  to  be  stovepiped  and  not  readily  available 
for  incorporation  into  total  facility  life-cycle  analysis  or  aggregation  for 
Army- wide  strategic  planning  purposes. 

To  address  problems  arising  from  stovepiped  information  flows  and  pro¬ 
cesses,  recent  Department  of  Defense*  and  Army  t  policies  call  for  an  inte¬ 
grated  approach  to  the  analysis  of  facility  ownership  costs  over  the  asset’s 
entire  life  cycle.  However,  there  is  no  comprehensive  information  frame¬ 
work  that  can  properly  capture  all  these  costs  (recapitalization,  energy, 
water,  waste,  operation,  maintenance,  etc.)  for  integrated  life-cycle  man¬ 
agement  at  the  facility,  complex,  or  component  level.  Such  a  framework 
would  make  it  possible  to  integrate  facility  life-cycle  data  from  strategic 
planning  through  the  operational  phase. 

This  project  demonstrates  an  energy  analysis  technique,  based  on  an  algo¬ 
rithm  called  First  View  (New  Buildings  Institute  [NBI],  Vancouver,  WA), 
which  has  the  potential  to  interoperate  with  Army  Sustainment  Manage¬ 
ment  Systems  (SMS)  and  facilitate  better  integration  of  energy  consump¬ 
tion  data  into  Army  facility  life-cycle  information  systems. 

Benefit 

The  US  Army  developed  the  BUILDER  SMS  to  help  Department  of  Public 
Works  facility  managers  develop  better  forecasts  of  maintenance,  repair, 
and  recapitalization  requirements.  SMS  technology  provides  consistent 
and  meaningful  metrics  based  on  engineering  expertise,  and  provide  man- 


*  Department  of  Defense  Sustainable  Buildings  Policy,  25  OCT  2010,  Deputy  Undersecretary  of  Defense 
(Installations  and  Environment). 

t  Sustainable  Design  and  Development  Policy  Update  (Environmental  and  Energy  Performance),  27  OCT 
2010,  Assistant  Secretary  of  the  Army  (Installations,  Energy,  and  Environment). 
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agement  decision  support  from  high-level  budgetary  planning  through  lo¬ 
cal  project  completion.  The  BUILDER  SMS  Condition  Index  is  used  to 
project  a  schedule  for  repairing  or  renewing  individual  components  and 
optimizing  it  to  provide  the  most  favorable  return  on  investment  (ROI). 

BUILDER’S  automated  capabilities  currently  account  for  recapitalization 
savings  by  comparing  the  extended  building  service  life  gained  through 
repairs  with  the  expected  design  life  for  a  replacement  facility.  BUILDER 
can  be  used  to  evaluate  operational  ROI,  including  energy  usage,  for  dif¬ 
ferent  maintenance  or  replacement  scenarios,  but  the  SMS  cannot  calcu¬ 
late  these  saving  automatically;  it  requires  manual  data  entry  and  user 
judgment.  The  predictive  power  of  BUILDER  could  be  extended  by  adding 
the  automated  capability  to  calculate  operational  costs  under  different 
scenarios  and  incorporate  them  into  the  ROI.  This  capability  would  pro¬ 
vide  planners  and  facility  managers  with  a  more  accurate  reflection  of  the 
Army’s  total  cost  of  ownership.  Additionally,  the  automation  of  these  cal¬ 
culations  would  make  the  process  considerably  more  time-efficient. 

Cost  analysis 

This  work  produced  a  set  of  best  practices  for  identifying  buildings  that  are 
suitable  candidates  for  in-depth  energy  audits  and  for  establishing  metrics 
for  energy  performance  cost  calculations.  That  information  is  then  used 
within  the  BUILDER  SMS  to  include  potential  energy  cost  savings  in  the 
consideration  of  building  component  replacement  activities.  This  new  in¬ 
tegrated  capability  could  produce  guidance  for  incorporating  whole¬ 
building  energy  and  other  sustainability  requirements  into  the  facility 
manager’s  decision-making  process.  This  guidance  will  help  managers 
make  the  best  budgetary  decisions  about  prioritizing  rehabilitation  with 
respect  to  condition  degradation,  functional  obsolescence,  energy  costs, 
reliability,  maintenance  costs,  and  expected  effects  on  the  building  occu¬ 
pants  and  mission.  Once  this  capability  has  been  developed  for  energy  per¬ 
formance,  similar  principles  can  be  applied  to  develop  metrics,  cost  mod¬ 
els,  and  calculations  for  water  use,  waste  production,  carbon  footprint,  and 
operations  and  maintenance  costs. 

Implementation 

The  First  View  algorithm  demonstrated  in  this  work  was  executed  manual¬ 
ly.  Building  property  data  were  gathered,  including  weather,  gas,  electric, 
and  occupancy  data;  processed  using  Microsoft  Excel;  and  interpreted  us- 
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ing  the  metrics,  charts,  and  graphs  output  by  the  First  View  algorithm. 

This  manual  process  requires  close  inspection  of  data.  Gas  and  electric  us¬ 
age,  along  with  several  critical  building  properties,  comprise  the  key  pa¬ 
rameters  processed  by  the  algorithm.  The  resulting  data  values  generally 
appeared  to  be  reasonable.  However,  upon  closer  inspection,  errors  were 
evident.  Corrections  involved  an  iterative  process  and  required  engineer¬ 
ing  interpretation  of  energy  and  condition-assessment  output. 

The  BUILDER  platform  could  serve  as  a  suitable  framework  for  data 
stores  and  automation  for  integrated  implementation  of  First  View.  How¬ 
ever,  data  availability  and  quality  will  continue  to  be  a  central  issue  in  the 
development  of  a  fully  integrated  and  automated  capability. 

Recommendation 

The  results  of  this  demonstration  are  promising  and  can  serve  as  a  basis 
for  developing  a  standardized  energy  audit  procedure  that  integrates  well 
with  asset  life-cycle  management.  It  is  recommended  that  the  First  View 
algorithm  be  automated,  and  that  functionality  for  BUILDER  be  developed 
to  (l)  filter  candidate  facilities  for  in-depth  energy  audits,  (2)  define  an  al¬ 
gorithm  to  improve  investment  timing  of  repair- versus-replace  life-cycle 
decisions,  and  (3)  provide  the  reports  and  dashboard  display  screens 
needed  in  the  BUILDER  application. 

First  View  intellectual  property  belongs  to  New  Buildings  Institute  and 
Energy  Resource  Management  Inc.,  so  an  agreement  on  intellectual  prop¬ 
erty  and  licensing  must  be  completed  before  further  development  can  be 
pursued. 
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kilograms 

square  feet 
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1  Introduction 

1.1  Background 

In  Fiscal  Year  2009,  US  Army  energy  consumption  represented  17%  of  to¬ 
tal  Federal  government  energy  usage.  In  an  effort  to  respond  to  Federal 
policies  mandating  greater  energy  efficiency,  Army  facility  managers  have 
increasingly  used  energy  audits  as  a  tool  to  meet  installation  energy-  and 
water-conservation  goals.  These  audits  are  used  to  develop  energy  conser¬ 
vation  measures  that  are  submitted  for  consideration  in  Energy  Savings 
Performance  Contracts. 

Army  facility  managers  use  the  BUILDER®  Sustainment  Management 
System  for  decision  support,  creating  SRM  and  operations  and  mainte¬ 
nance  (O&M)  work  plans  and  projects  that  are  cost  effective  based  on  the 
asset’s  condition  and  remaining  service  life.  However,  facility  energy  con¬ 
sumption  and  performance  have  historically  been  the  responsibility  of  en¬ 
ergy  assessment  experts  who  provide  Level  1,  2,  or  3  energy  audits  accord¬ 
ing  to  the  practices  of  the  American  Association  of  Heating,  Refrigerating, 
and  Air-Conditioning  Engineers  (ASHRAE).  Consequently,  energy  per¬ 
formance  data  tend  to  remain  in  an  energy  management  stovepipe  and 
therefore  are  not  readily  available  for  incorporation  into  total  facility  life- 
cycle  analysis  or  aggregation  for  Army-wide  strategic  planning  purposes. 

To  address  the  general  problem  of  stovepiped  information  flows  and  pro¬ 
cesses,  recent  Department  of  Defense1  and  Army2  policies  call  for  an  inte¬ 
grated  approach  to  the  analysis  of  facility  ownership  costs  over  the  asset’s 
entire  life  cycle.  However,  there  is  currently  no  comprehensive  infor¬ 
mation  framework  that  can  properly  capture  all  these  costs  (recapitaliza¬ 
tion,  energy,  water,  waste,  operation,  maintenance,  etc.)  for  integrated 
life-cycle  management  at  the  facility,  complex,  or  component  level.  Such  a 
framework  would  make  it  possible  to  integrate  facility  life-cycle  data  from 
the  strategic  planning  phase  all  the  way  through  to  the  operational  level. 


1  Department  of  Defense  Sustainable  Buildings  Policy,  25  OCT  2010,  Deputy  Undersecretary  of  Defense 
(Installations  and  Environment). 

2  Sustainable  Design  and  Development  Policy  Update  (Environmental  and  Energy  Performance),  27  OCT 
2010,  Assistant  Secretary  of  the  Army  (Installations,  Energy,  and  Environment). 
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This  Installation  Technology  Transition  Program  (ITTP)  project  demon¬ 
strates  a  rapid  energy-analysis  technique,  based  on  an  algorithm  called 
First  View  (New  Buildings  Institute  [NBI],  Vancouver,  WA),  that  has  the 
potential  to  interoperate  with  existing  building  condition-assessment  tools 
and  facilitate  future  integration  of  energy  consumption  data  into  Army  fa¬ 
cility  life-cycle  information  systems.  The  First  View  algorithm,  when  ini¬ 
tialized  only  with  daily  weather  data  and  the  monthly  energy  bill  infor¬ 
mation  required  for  calculating  an  Energy  Star  rating,  can  be  used  to 
generate  a  model  that  represents  the  energy-performance  signature  of  a 
building.  The  only  required  input  data  are  building  type,  square  footage, 
monthly  average  temperatures,  and  gas  and  electric  consumption  for  12 
consecutive  months. 

This  demonstration  addresses  the  issue  of  energy  consumption  from  an 
integrated  perspective  that  includes  both  energy  efficiency  and  building 
condition  for  use  in  developing  a  total  facility  life-cycle  cost  of  ownership. 
The  authors  explore  potential  enhancements  to  the  BUILDER  SMS  using 
the  NBI  First  View  Analog  Building  Model  and  describe  the  concept  for  a 
BUILDER  information  “dashboard”  that  displays  energy-related  data 
within  a  matrix  of  current  information  presented  to  the  user. 

1.2  Objective 

The  objective  of  this  work  was  to  assess  the  utility  of  the  NBI  First  View 
algorithm  for  rapidly  producing  a  building  energy-consumption  analysis 
and  output  that  that  is  compatible  with  the  BUILDER  SMS. 

1.3  Approach 

The  demonstration  of  this  technology  encompassed  the  following  tasks: 

1.  Identify  energy-related  variables. 

2.  Collect  data  sets. 

3.  Synchronize  data  (data  collection  across  monthly  cycle). 

4.  Run  solution  engine. 

5.  Chart  the  data. 

6.  Interpret  results. 

7.  Integrate  energy  savings  results  with  BUILDER. 
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1.4  Mode  of  technology  transfer 

The  results  of  this  demonstration  can  be  used  in  developmental  work  to 
integrate  the  First  View  Analog  Building  Model  into  a  future  release  of  the 
BUILDER  SMS.  The  methods  proposed  in  this  project  could  provide  the 
installation  energy  manager  and  Department  of  Public  Works  personnel 
the  tools  and  techniques  to  assess  a  large  building  inventory  at  the  least 
cost.  Through  integration  into  BUILDER,  this  capability  could  provide 
real-time  facility  information  for  readiness  reporting  and  SRM  planning 
support. 

First  View  intellectual  property  belongs  to  New  Buildings  Institute  and 
Energy  Resource  Management  Inc.  Intellectual  property  and  licensing 
agreements  must  be  concluded  before  advanced  development  and  imple¬ 
mentation  within  BUILDER  can  be  pursued. 
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2  Description  of  the  First  View  Algorithm 

2.1  Purpose  and  capabilities 

The  First  View  model  estimates  the  values  for  a  selection  of  metrics  to 
produce  an  energy  signature  of  the  subject  building  being  assessed.  It  es¬ 
timates  the  performance  of  a  whole  building  based  on  its  physics,  using 
engineering  equations  for  characteristics  such  as  heat  transfer,  fluid  me¬ 
chanics,  and  thermodynamics.  An  analysis  using  First  View  can  provide 
effective  feedback  from  actual  building  operations  and  promote  a  deeper 
level  of  building  performance  review.  Using  this  approach  could  help  De¬ 
partment  of  Public  Works  personnel  identify  significant  and  previously 
unknown  energy-performance  deficiencies. 

The  Energy  Star  Portfolio  Manager1  is  currently  the  most  widely  accepted 
energy  benchmark  methodology.  The  rating  it  generates  provides  no  hard 
information  about  the  building  or  its  physics,  but  only  a  comparative  rank¬ 
ing  among  all  buildings  in  the  same  category.  An  Energy  Star  value  of  70, 
for  example,  essentially  says  that  the  building’s  energy  performance  is  bet¬ 
ter  than  70  percent  of  all  others  buildings  rated  in  the  same  category.  No 
empirical  information  can  be  derived  from  the  rating.  Also,  the  Energy 
Star  rating  is  based  on  national  averages  of  source  energy,  using  a  multi¬ 
plier  of  3.4  regardless  of  energy  type  or  cost.  For  example,  hydroelectric, 
nuclear,  and  coal-generated  electricity  is  treated  equally  (i.e.,  a  60%  ener¬ 
gy  loss  from  the  source),  and  the  baseline  data  were  derived  from  the  2003 
Commercial  Buildings  Energy  Consumption  survey.  For  all  these  reasons, 
the  Energy  Star  rating  is  of  limited  use. 

First  View  operates  on  the  basis  of  actual  gas  and  electric  meter  data.  Im¬ 
portantly,  its  output  produces  an  energy  signature  based  on  real-world 
building  physics  for  the  purpose  of  identifying  actionable  targets  for  im¬ 
proving  performance.  First  View  encompasses  a  whole-building  perspec¬ 
tive  that  can  reveal  broad  categories  of  conservation  measures  not  previ¬ 
ously  known  to  building  managers.  The  model  provides  a  whole-building 
energy  analysis  suitable  for  rapid  energy-performance  studies.  In  engi¬ 
neering  terms,  the  First  View  model  works  by  aggregating  and  summing 
various  parameters  to  produce  useful,  actionable  forms  of  output.  For  ex- 


1  http://www.energvstar.gov/index.cfm?c=evaluate  performance. bus  portfoliomanager. 
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ample,  First  View  combines  heat  transfer  conductivity  and  infiltration  into 
a  parameter  called  the  “Aggregate  UA,”  which  is  a  measure  of  thermal 
characteristics  of  a  building  envelope  such  as  wall  R  value,  glazing  U,  or 
ventilation. 

First  View  checks  energy  billing  data  and  provides  an  initial  indication  of 
performance  to  help  identify  building  characteristics  that  are  likely  to  offer 
major  energy-saving  opportunities.  This  initial  assessment  does  not  gen¬ 
erate  detailed  diagnostics  or  specific  recommendations,  but  identifies 
broad  categories  for  focusing  an  energy-performance  analysis.  This  pre¬ 
liminary  evaluation  technique  is  well  suited  for  application  to  large  facility 
inventories. 

Automating  the  algorithm  would  create  a  scalable  approach  that  could 
provide  measured  performance  interpretations.  From  monthly  energy 
bills,  which  are  readily  available,  the  analyst  using  First  View  can  prioritize 
buildings  for  study  to  find  out  how  a  building  is  performing,  what  is  driv¬ 
ing  that  result,  and  how  to  act  on  the  results.  First  View  feedback  is  re¬ 
portable  for  several  operational  domains:  Design/Construction  addresses 
mechanical  systems  and  structural  functions;  Tenants  and  Occupants  ad¬ 
dresses  managing  unnecessary  loads;  and  Owner /Operators  addresses 
settings  and  controls. 

First  View’s  data  interpretations  are  used  to  produce  the  building’s  total 
energy  signature,  which  is  illustrated  in  Figure  l. 


Figure  1.  Sample  energy  signature  produced  by  First  View. 
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Four  key  performance-related  characteristics  comprise  the  energy  signa¬ 
ture:  base  load,  heating  slope,  cooling  slope,  and  balance  point.  The  base 
load  represents  internal  loads,  tenants’  schedules,  and  the  operations  of 
systems  and  controls.  The  heating  slope,  cooling  slope,  and  balance  point 
relate  largely  to  building  physics,  not  the  activities  of  the  occupants. 


First  View  uses  a  general  reference  model  for  comparison  to  help  evaluate 
individual  building  energy  signatures.  This  reference  model  suggests  the 
best  possible  performance  that  could  be  expected  for  a  standard  office 
building  with  good  overall  energy  efficiency,  sound  energy  conservation 
design,  and  good  operational  practices. 

2.2  Data  requirements 

Twelve  consecutive  months  of  gas  and  electric  data  are  required  along  with 
location-specific  monthly  average  temperature,  use  type,  and  building 
square  footage.  Figure  2  illustrates  the  data  elements,  including  certain 
optional  properties  (upper  right  in  figure)  that  can  help  to  improve  the 
analysis. 


First  View  Input 


Required 


Helpful  for  better  benchmarking 


Location 

9 

Activity  Type 

Office 

Year  built 

city 

Glenview 

#  of  occupants 

192 

HVAC  type 

state 

IL 

#  of  PCs 

200 

%  heated 

zipcode 

60026 

Data  center 

sq  ft 

%  cooled 

Size 

48,000 

gross  sq  ft 

Enclosed  parking 

sq  ft 

Hrs/wk 

Energy  Use:  12  consecutive  months  of  metered  usage  for 

both  electricity  and  gas  (or  other  heating  fuel)  use 

Electricitv 

meter  read 

amount 

units 

qas 

meter  read  c 

amount 

units 

0 

1/18/06 

- 

kWh 

0 

1/17/06 

- 

therms 

1 

2/15/06 

62,400 

kWh 

1 

2/16/06 

4,870 

therms 

2 

3/20/06 

74,760 

kWh 

2 

3/20/06 

1,410 

therms 

3 

4/18/06 

71,760 

kWh 

3 

4/19/06 

1,902 

therms 

4 

5/15/06 

66,840 

kWh 

4 

5/19/06 

1,338 

therms 

5 

6/14/06 

88,320 

kWh 

5 

6/19/06 

243 

therms 

6 

7/17/06 

96,960 

kWh 

6 

7/20/06 

391 

therms 

7 

8/14/06 

112,560 

kWh 

7 

8/17/06 

32 

therms 

8 

9/14/06 

87,000 

kWh 

8 

9/18/06 

191 

therms 

9 

10/12/06 

70,200 

kWh 

9 

10/17/06 

939 

therms 

10 

11/13/06 

74,160 

kWh 

10 

11/14/06 

1,587 

therms 

11 

12/14/06 

68,880 

kWh 

11 

12/15/06 

3,142 

therms 

12 

1/18/07 

77,040 

kWh 

12 

1/16/07 

2,005 

therms 

Figure  2.  First  View  data  elements. 


As  installations  install  meters  at  individual  facilities  to  track  local  gas, 
electricity,  and  water  usage,  it  creates  the  data  source  required  by  First 
View  for  analyzing  a  building’s  current  state.  That  data,  when  combined 
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with  life-cycle  condition  data  about  the  facility  available  in  BUILDER, 
could  provide  an  initial  framework  for  identifying  energy-  and  condition- 
based  SRM  improvements. 

One  long-term  outcome  of  using  such  a  technology  should  be  to  reduce  the 
cost  of  Army  facility  energy  audits  due  to  improved  focus  on  high- 
probability  projects.  Also,  an  automated  implementation  of  First  View 
could  help  to  direct  resources  to  buildings  with  the  poorest  energy  perfor¬ 
mance  and/or  potential  for  high  returns  on  SRM  investment.  Energy- 
savings  goals  could  be  achieved  sooner  due  to  earlier  and  more  compre¬ 
hensive  identification  of  SRM  projects  that  include  an  energy  component. 
A  standardized  energy-assessment  model  would  provide  a  means  to  de¬ 
termine  the  effect  of  different  energy-efficiency  measures,  including  the 
cost-effectiveness  of  system  upgrades  and  building  retrofits. 

2.3  Data  processing 

A  general  data-processing  life  cycle  is  needed  to  generate  a  building  energy 
signature.  The  First  View  solution  engine  computes  a  best-fit  regression 
model  based  on  input  data  to  create  a  baseline  equation  that  represents 
historical  building  energy  use.  Internal  calculations  of  the  data  yield  a 
model  with  physical  parameters  that  result  in  a  similar  energy  usage  pro¬ 
file.  The  final  derived  values  are  triggered  by  control  indicators  such  as  the 
R-square  value  of  the  statistical  regression. 

First  View  uses  a  six-step  data  processing  procedure: 

1.  identify  all  variables 

2.  collect  data  sets 

3.  synchronize  data  (data  collection  across  billing  cycle) 

4.  run  solution  engine 

5.  chart  the  data 

6.  interpret  results. 


A  more  detailed  view  of  the  data  processing  flow  is  shown  in  Figure  3. 
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Validate  Data 
Reset  Calculation  Array 
Iterate  Gradient  Increment 
Find  Maximum  Iteration 
Calculate  to  Max  R2 


•  Location 

•  Ave.  Mean  Temp 

•  Reference  Building  Selection 

•  Gas  &  Electric  Readings 

•  Use  Type  Determination 


mcnfri 

emp  eiec 

elec  ceiete  temp  gas  gas 

oeiete 

1 

32  9  5 

1  934524  1 

37  03 

1  59405  1 

2 

32  86 

1  96654  1 

32  79 

4  1  2996  1 

3 

47  7  5 

2  147989  1 

32  81 

1.12101  1 

4 

55  5  4 

2  14892  1 

48  18 

1  61298  1 

5 

64  89 

2  555556  1 

55  36 

1.13468  1 

6 

74  02 

2  550505  1 

68  07 

0  1  9943  1 

T>raiw  ca 

7 

77  77 

3  489583  1 

73  89 

0  32089  1 

0  20858 

8 

69  81 

2  436156  1 

77  25 

0  02908  1 

0  03418 

9 

57  85 

2  176339  1 

69  22 

0.1 51 SS  1 

10 

43  66 

2011719  1 

54  33 

0  82377  1 

11 

36  39 

1  928763  1 

4327 

1  44197  1 

OMTIEO 

BLL't.AG.' 

12 

36  19 

1  910714  1 

36  46 

2  57859  1 

24 

3.63% 

0 .54939  7''f 

%  &SUTI 

0.79901 

INPUTS 

Glenview 

IL 

48  000  H2  area 

catcutatee  t 

rearer  ce 

ouiwng  e* 
select  DWg 

9 

Figure  3.  Data  processing  flow  chart. 


ERDC  TR-12-14 


9 


3  Demonstration 

Seven  buildings  at  Picatinny  Arsenal,  NJ,  were  analyzed  using  the  First 
View  algorithm.  This  chapter  presents  the  results  for  Building  65.  Results 
for  the  other  six  buildings  are  included  in  Appendix  A.  The  focus  here  is 
Building  65  (Figure  4)  because  of  the  availability  of  a  recent  retro- 
commissioning  report  for  it  that  provides  the  opportunity  to  confirm  First 
View  output  and  test  it  for  relevance  with  the  observed  building  condition. 


Figure  4.  Building  65  photos. 


In  the  case  of  Building  65  , First  View  flagged  one  primary  area  for  further 
investigation:  very  steep  increases  in  heating  as  the  outside  temperature 
decreases.  This  condition  typically  suggests  excessive  ventilation  and  pos¬ 
sible  problems  with  insulation  or  heat  distribution. 

A  DPW  site  review  of  the  facility  found  characteristics  consistent  with  the 
First  View  output: 

•  very  high  overhead  space  with  an  uninsulated  ceiling  and  roof 

•  windows  sometimes  open  in  winter  to  moderate  excessive  heat  from 
baseboard  radiators 

•  some  fans  operating  around  the  clock 

•  possible  negative  impact  of  boiler  location,  outside  the  main  building, 
on  heat-distribution  efficiency. 

In  addition,  First  View  identified  a  potential  solar  gain,  indicating  more 
cooling  and  less  heating  than  suggested  by  the  other  parameters.  A  site  re- 
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view  confirmed  problems  with  building  orientation  that  lead  to  excess  heat 
gains  at  the  building’s  southeast  corner  and  reports  of  discomfort  by  occu¬ 
pants. 

Building  65  was  originally  constructed  as  a  65,000  sq  ft  warehouse.  It  is 
now  used  as  an  open-plan,  one-story  office  building.  According  to  the  ret¬ 
ro-commissioning  report,  the  building  has  a  history  of  severe  thermal 
comfort  problems,  much  of  it  attributed  to  steam  baseboard  elements  and 
steam  coils  in  the  air  handling  units.  Poor  mechanical  system  zoning  also 
contributes  to  the  problem. 

Table  1  summarizes  the  seven  key  parameters  of  the  building  model  output 
for  Building  65. 


Table  1.  Building  65  energy  signature  observations. 


Signature  Observation 

Electric  base  load 

Low  electric  base  load 

Overall  gas  use 

Very  high  gas  heat  use 

Heating  impact  of  shell  and 
ventilation 

High  temperature  sensitivity  of  shell/ventilation 

Gas  base  load 

No  excess  gas  use  apparent  from  circulation/standby  loss  or  reheat 

Cooling  efficiency 

Very  good  cooling  efficiency 

Reheat 

No  apparent  excessive  reheat 

HVAC  fan/pump  use 

No  apparent  excessive  energy  use  by  systems  fans/pumps 

Data  consistency 

Orderly  monthly  performance 

The  energy  signature  and  automated  observations  from  First  View  support 
the  retro-commissioning  study  conclusions  and  the  field  observations  of 
Picatinny  DPW  personnel.  Facility  managers  have  received  many  com¬ 
plaints  from  Building  65  occupants  about  excessive  heating.  Note  that  in 
the  energy  signature,  the  model  identifies  heating  shell  and  ventilation 
problems. 

First  View  analysis  output  consists  of  a  series  of  charts  and  graphic  to  aid 
in  the  interpretation  of  results.  Figure  5  through  Figure  9  and  Table  2 
show  the  proposed  elements  of  a  dashboard  display  for  the  BUILDER 
SMS. 
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Figure  5.  Energy  signature  by  end  use. 


Benchmark  Values  by  Performance  Area 

Key  Indicators  from  Signature  Parameters 


poor 


median 


good 


Controls 


1.4 

0.9 

0.4 

-0.1 

-0.6 


! 


oo 


O  -  Reference  O  -  Base  case 
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Figure  6.  Benchmark  key  parameters. 


good 
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□  building  65  ref:  building  65 


Figure  7.  Energy-use  intensity. 
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Table  2.  Reference  comparison. 


Building  65 

ref:  Building  65 

%of 

kBtu/sf/y  total 

kBtu/sf/y 

%  of  total 

Electric  Base  load 

21.6 

18.0% 

21.6 

18.0% 

Heating  fans,  pumps 

5.9 

4.9% 

5.9 

4.9% 

Gas  Base  load 

0.5 

0.4% 

0.5 

0.4% 

Space  Cooling 

13.9 

11.5% 

13.9 

11.5% 

SDace  Heating 

78.3 

65.2% 

78.3 

65.2% 

Total 

120.1 

100.0% 

120.1 

100.0% 

This  project  within  the  range  of  comparable  projects 


building  65 

- ’thru  May-201 1 

_ building  65 

thru  May-201 1 


Figure  8.  Energy  signature  reference  comparison. 
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Signature  with  Metered  Energy  Use  (thru  May-2011) 


Figure  9.  Energy  signature  with  metered  energy  use. 
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4  Discussion 

4.1  Considerations  for  implementation 

The  First  View  algorithm  was  used  to  profile  seven  office  buildings,  collect 
gas  and  electric  data  for  them  buildings,  and  analyzed  the  results.  The 
technology  has  potential,  and  could  enhance  the  Army  SMS  portfolio.  That 
would  involve  integrating  First  View  into  the  SMS  framework. 

The  First  View  procedures  have  matured  within  the  context  of  manual 
processing  in  a  one-time  application,  but  developing  the  tool  into  an  au¬ 
tomated  rapid-assessment  procedure  would  require  structured  analysis, 
software  design,  and  programming.  The  high-level  requirements  for  a  de¬ 
velopment  path  are  discussed  below. 

4.2  Requirements  specification 

The  long-term  development  objective  would  be  to  define  a  fully  functional, 
rapid,  and  automated  energy  benchmarking  application  that  can  provide 
and  display  facility  energy  performance  data  within  an  SMS  “energy  dash¬ 
board.”  The  results  must  persist  in  a  database  and  be  readily  available  in 
the  form  of  a  BUILDER  dashboard  screen  or  report.  The  solution  must  be 
modular  and  fully  integrated  into  the  SMS  framework.  It  also  must  be  cre¬ 
ated  using  state-of-the-art  software  development  practices.  The  initial 
specification  follows: 

1.  Document  and  codify  the  core  computations  for  the  First  View  algo¬ 
rithm 

2.  Define  a  workflow  sequence  for  data  processing 

3.  Identify  the  necessary  data  storage  elements  to  persistent  data 

4.  Identify  and  codify  data  conversion  methods 

5.  Process  KwHours  ->  Wt/SF 

6.  Process  Therms  ->  Wt/SF 

7.  Define  the  following  database  tables  or  provide  a  data  source  table  for: 

a.  Electric  and  gas  usage  data 

b.  Reference  facilities  by  use  type 

c.  Computation  ouput  values 

d.  Energy  Star  building  parameters 

e.  First  View  lookup  tables 
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8.  Create  the  following  plots/graphs: 

a.  Monthly  gas  use  plot 

b.  Monthly  electric  use  plot 

c.  End  Use  plot 

d.  Signature  review  graph 

e.  Energy  by  end  use  plot 

f.  Benchmark  values  by  key  indictors 

g.  Normalized  energy  vs.  reference  building 

9.  Identify  and  leverage  a  reliable  weather  data  source,  preferably  via  a 
no-cost  web  service  or  managed  data  source. 

10.  Create  a  .NET  4.0  First  View  data  processor  engine  using  VB 

11.  Create  a  unit  test  harness  for  API  validation 

12.  Create  a  Flags  and  Messages  data  table 

13.  Ensure  that  all  necessary  components  of  the  solution  are  encapsulated 
into  one  DLL  and  database. 

14.  Develop  in  Microsoft  SQL  Server  2008  and  Visual  Studio  2010  .NET 
4.0 

15.  Provide  an  automated  iteration  procedure  with  automatic  stop  point 
intelligence 

16.  Process  an  R-square  data  element  for  best  fit/  iteration  counter 

17.  Provide  an  iteration  counter  mechanism 

18.  Provide  a  start,  reset,  stop,  clear  mechanism 

19.  Allow  for  the  processing  of  X  number  of  buildings  per  run 

20.  Create  an  administrator  application  front  end  for  desktop  processing 

21.  Expose  the  API  to  the  web 

22.  Host  the  solution  for  R&D  and  testing  purposes 

23.  Create  a  collection  of  reference  buildings 

24.  Define,  store  and  manage  at  least  a  couple  use  types 

25.  Include  an  Energy  Star  rating  and  EUI  based  on  required  data  ele¬ 
ments  to  process  these  metrics 

26.  Create  reports  to  capture  necessary  knowledge  for  decision  making. 
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5  Conclusion 

The  First  View  building  energy  modeling  algorithm  was  demonstrated  in 
an  energy-performance  study  of  seven  buildings  located  at  Picatinny  Arse¬ 
nal,  NJ.  The  algorithm  was  implemented  as  a  Microsoft  Excel  spreadsheet. 
For  each  building,  electric  and  gas  billing  data  were  input  to  the  spread¬ 
sheet  as  well  as  other  information,  including  building  location,  size,  space 
utilization,  number  of  occupants,  and  type  of  heat-distribution  system.  Ex¬ 
ecution  of  the  algorithm  produced  a  set  of  output  reports,  including  a 
building-specific  energy  signature,  plots,  charts,  and  tables,  suitable  for 
implementation  as  BUILDER  SMS  dashboard  displays.  Engineering  inter¬ 
pretation  was  applied  to  identify  problems  or  areas  needing  improvement 
to  meet  SRM  requirements. 

With  further  development,  an  automated  First  View  module  could  be  cod¬ 
ed  and  implemented  within  the  BUILDER  SMS  to  leverage  energy-related 
building  information  already  captured  in  installation-specific  BUILDER 
applications.  Technology  transfer  would  involve  establishing  intellectual 
property  and  licensing  agreements  with  the  developer  of  First  View,  New 
Buildings  Institute  (NBI),  Vancouver,  WA. 
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Appendix:  First  View  Energy  Signatures  for 
Six  Buildings 

This  appendix  documents  the  First  View  results  for  six  of  the  seven  build¬ 
ings  from  the  Picatinny  Arsenal  study  sample:  Buildings  7,  60,  67,  92,  94, 
and  3323. 

Building  7 

First  View  results  for  Building  7  indicate  very  high  heat  pattern  similar  to 
Building  65.  Suspiciously  high  cooling  efficiency  that  may  indicate  an  al¬ 
ternate  cooling  source.  First  View  signal  “confused”  by  the  erratic  electrici¬ 
ty  and  high  gas  use.  There  may  be  irregular  equipment  use  or  plug  loads 
from  month  to  month?  A  check  for  very  low  heating  efficiency  is  recom¬ 
mended. 


Electric  base  load 
Overall  gas  use 

Heating  impact  of  shell  and 
ventilation 

Gas  base  load 

Cooling  efficiency 
Reheat 

HVAC  fan/pump  use 
Data  consistency 


Signature  Observations 

Typical  electric  base  load 
Very  high  gas  heat  use 

High  temperature  sensitivity  of  shell/ventilation 

No  excess  gas  use  apparent  from  circulation/standby  loss  or 
reheat 

Very  good  cooling  efficiency 
No  apparent  excessive  reheat 

No  apparent  excessive  energy  use  by  systems  fans/pumps 

Irregular  monthly  data.  Possible  erratic  controls,  data 
inaccuracies,  or  irregular  occupant  loads 
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ref:  Building  65 

building  7 

kBtu/sf/y 

%  of  total 

kBtu/sf/y 

%  of  total 

Electric  Base  load 

21.6 

18.0% 

33.4 

27.8% 

Heating  fans,  pumps 

5.9 

4.9% 

5.7 

4.7% 

Gas  Base  load 

0.5 

0.4% 

1.8 

1.5% 

Space  Cooling 

13.9 

11.5% 

3.3 

2.7% 

Space  Heating 

78.3 

65.2% 

76.0 

63.3% 

Total 

120.1 

100.0% 

120.1 

100.0% 

This  project  within  the  range  of  comparable  projects 
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Building  60 

As  with  Buildings  65  and  7,  Building  60  First  View  analyses  shows  an  ex¬ 
tremely  high  heat  slope,  again  likely  very  high  ventilation.  Also,  extremely 
low  electric  base  load,  which  in  conjunction  with  the  high  heat,  probably 
implies  the  standard  First  View  split  between  plug  load/lights  and  heating 
pumps/fans  is  overstated. 

Looking  back  at  the  raw  billing  points,  the  previous  winter  had  even  higher 
heat  use. 
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Benchmark  Values  by  Performance  Area 

Key  Indicators  from  Signature  Parameters 
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□  building  60  ref:  building  65 


ref:  Building  65 

building  60 

kBtu/sf/y 

%  of  total 

kBtu/sf/y 

%  of  total 

Electric  Base  load 

21.6 

18.0% 

4.9 

3.8% 

Heating  fans,  pumps 

5.9 

4.9% 

7.7 

6.0% 

Gas  Base  load 

0.5 

0.4% 
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0.4% 

Space  Cooling 
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9.6% 

Space  Heating 

78.3 

65.2% 
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Total 

120.1 

100.0% 

128.0 

100.0% 
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This  project  within  the  range  of  comparable  projects 


building  65 

- thru  May-2011 

building  60 

thru  May-2011 


Signature  with  Metered  Energy  Use  ( thru  May-2011) 
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Building  67 

Low  electric  base  load  could  be  consistent  with  a  storage  facility.  Still  high 
heat  use,  as  with  the  other  buildings. 

From  previous  winter  data,  note  the  big  drop  in  heating  energy  PY  to  CY. 
Found  and  closed  an  air  leak?  Other  ventilation  changes? 


Signature  Observations 
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Overall  gas  use 

Very  high  gas  heat  use 
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High  temperature  sensitivity  of  shell/ventilation 
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Reheat 
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HVAC  fan/ pump  use 

No  apparent  excessive  energy  use  by  systems  fans/pumps 
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Orderly  monthly  performance 
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Benchmark  Values  by  Performance  Area 

Key  Indicators  from  Signature  Parameters 
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□  building  67  ref:  building  65 
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This  project  within  the  range  of  comparable  projects 


building  65 
- thru  May-2011 

_ building  67 

- thru  May-2011 
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Building  92 

High  heating  is  similar  to  the  other  buildings.  Again,  may  be  partly  related 
to  running  fans  24x7.  Unusually  high  cooling  energy.  Just  a  couple  of 
months  with  cooling  equipment  problems?  See  early  summer  2010  points 
in  billing  data;  lab  equipment  electricity  use  that  was  high  in  those 
months. 
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Benchmark  Values  by  Performance  Area 

Key  Indicators  from  Signature  Parameters 
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□  building  92  ref:  building  65 


ref:  Building  65 
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kBtu/sf/y  total 

kBtu/sf/y 

%  of  total 
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65.2% 
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49.0% 

Total 

120.1 

100.0% 
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100.0% 
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This  project  within  the  range  of  comparable  projects 


building  65 
- thru  May-2011 

_ building  92 

- thru  May-2011 


Signature  with  Metered  Energy  Use  ( thru  May-2011) 
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Building  94 

Heat  use  high,  but  not  as  extreme  as  at  the  other  locations. 

Electricity  shows  much  higher  use  early  2010  than  for  comparable  tem¬ 
peratures  at  the  end  of  2010. 


Signature  Observations 
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HVAC  fan/ pump  use 

Possible  high  energy  use  by  systems  fans/pumps  or  electric  process 
load 

Data  consistency 

Orderly  monthly  performance 
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Benchmark  Values  by  Performance  Area 

Key  Indicators  from  Signature  Parameters 
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This  project  within  the  range  of  comparable  projects 


Mean  Monthly  Temp  (deg  F) 
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Building  3323 

Commissaries/supermarkets  could  have  further  First  View  refinements, 
possibly  including: 

•  initial  starting  points  of  solution  variables 

•  calculation  changes  to  reflect  direct  export  of  refrigeration  waste  heat. 

•  appearance  of  “reheat”  from  open  cases,  cooling  more  space. 

Still  a  basic  useful  level  of  information  from  this  view.  Combination  of  very 
high  base  load  and  high  heat  level  shows  failure  to  recapture  waste  heat  in 
the  winter.  Conspicuous  savings  opportunity.  "Controls  effectiveness" 
problem  flagged  here  is  probably  at  least  in  part  from  things  like  open  re¬ 
frigeration  cases. 
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Benchmark  Values  by  Performance  Area 

Key  Indicators  from  Signature  Parameters 


Controls 


1.4 

0.9 

0.4 

-0.1 

-0.6 


! 


lo 


O  -  Reference  ^  -  This  case 
thru  May-201 1  building  3323 


□  building  3323  ref:  building  65 


This  project  within  the  range  of  comparable  projects 


building  65 

- 'thru  May-201 1 

_ building  3323 

thru  May-201 1 


good 

median 

poor 


ERDC  TR-12-14 


35 


Signature  with  Metered  Energy  Use  ( thru  May-2011) 
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